The difference in desulfurization performance of the BTF was minor when sodium lactate and sodium acetate were used as carbon sources. Acetate was more superior when taking both the carbon/sulfur ratio (C/S) and RE into account. The total dissolved sulfide yield was over 70% with sodium acetate as the carbon source, which was 15-20% higher than that with sodium lactate.
INTRODUCTION
Sulfur dioxide (SO 2 ) released from the burning of coal and fuel oil results in global environmental pollution and threatens industrial production and human life. Therefore, great efforts have been made to develop technologies for SO 2 control. Among many schemes, flue gas desulfurization (FGD) is the most reasonable one from both technological and economic perspectives (Gao et al. ) . Based on the processes by which the desulfurization product is captured and the active ingredient is applied, they can be classified as dry, semidry, and wet processes, where wet processes have earned widespread use due to their lower operating cost, high desulfurization efficiency, and more stable operation (Gutiérrez Ortiz et al. ) .
Removal of sulfur in wastewater, such as sulfite, sulfate, or hydrosulfite, is an important field of desalination. The popular desalination technology is membrane separation, including electrodialysis, reverse osmosis, or forward osmosis, etc. Bioprocess for wastewater treatment is a cost-effective and efficient technology. Biological treatment of sulfur will expand the scope of the study of desalination.
High sulfur-laden wastes are extensively produced from wet FGD. Depending on the coal source, scrubber type, quality of water makeup, additive use, and other operational conditions, FGD wastewater may carry total dissolved solids as high as 50,000 mg/L (US EPA ). The main treatment processes for FGD wastewater are the physico-chemical method (Lefers et al. ) , fluidized bed method (Armstrong et al. ), membrane separation method (Bijmans dioxide, an active ingredient is regenerated and returned back to the process, which lowers absorbent consumption. In the absorption stage, NaOH, Na 2 SO 3 , or NaCO 3 function as the first alkali to absorb SO 2 from the flue gas stream. In the regeneration stage, the absorbent is sent to the lime reactor, lime slurry or limestone, and the second alkali is used to regenerate the spent absorbent, which is recirculated to remove SO 2 (Guan et al. ) . The obtained semi-hydrated calcium sulfite can be oxidized to produce gypsum. However, the gypsum is of poor quality due to the presence of ash and Na 2 SO 4 (a byproduct of desulfurization). Therefore it is generally discarded, resulting in a bulk of industrial solid wastes that trigger environmental concerns (Wang et al. ) . Transportation costs, low purity, and regulations regarding ash constituents in the building material do not allow FGD gypsum to compete with natural gypsum (Kaufman et al. ) . Thus it is necessary to develop new processes to replace the regeneration stage of the dual-alkali process.
A bioprocess for the treatment of desulfurized wastewater provides an attractive alternative to conventional processes of physico-chemical desulfurization (Wang et 
The main reaction formulae at the oxidation stage are listed as follows:
A crucial factor for obtaining high efficiency in the sulfate-reducing process is the selection of an appropriate carbon source as electron donor (Márquez-Reyes et al.
).
At anaerobic condition, sulfate (the terminal electron acceptor) is reduced to sulfides and coupled with suitable organic carbon source (electron donor) oxidation by SRB.
SRB prefers simple-structured molecules for direct oxidation. 
MATERIALS AND METHODS

Operation of the BTF
The BTF system for desulfurization is shown in Figure 1 The BTF could achieve a high RE of sulfate.
Performance of BTF for hydrosulfite removal
The HSO In summary, sulfite, sulfate, and hydrosulfite in desulfurization absorbent could be effectively removed in an anaerobic BTF.
Mechanism for SRB using different carbon sources
Lactate is a potential carbon source and energy donor, offering advantages in the BSR process. It supports the growth of a wide spectrum of SRB, encouraging microbial diversity and the consequent resilience of treatment systems (Kaksonen et al. ). Sodium lactate was used as carbon source in our previous test, and the BTF performed well. The following experiment was conducted to understand whether sodium lactate was either completely degraded into H 2 O and CO 2 or stayed at the acetic acid stage. The concentration of sodium lactate (analytically pure) was 5 mL/L with a carbon/sulfur ratio (C/S, carbon is expressed with COD in this paper) of 1.5. By contrast, sodium acetate, CH 3 COONa·3H 2 O (analytically pure) of 5.0 g/L, equivalent to COD of 2,049 mg/L with C/S of 0.92, was also used as carbon source in the study to determine whether SRB could be used to degrade acetate.
The difference in the effect of the two carbon sources on the desulfurization performance of BTF was minor (see Figure 4) . At 0.5 h, the RE of SO 2À 3 was 79.0 and 73.1% with sodium lactate and sodium acetate as carbon sources, respectively. Afterward, the RE of SO 2À 3 with sodium acetate as a carbon source was higher than the RE with sodium lactate.
At 5 h, SO 2À 3 was completely removed with sodium acetate as a carbon source, and the EC was 467 g-S/(m 3 h). The maximum RE of SO 2À 3 with sodium lactate as a carbon source was 98.4% at 6 h. Sodium lactate and sodium acetate could both be used as carbon sources for SRB. Acetate was superior, by taking both C/S and RE into account (Wang ).
An obvious difference was observed in TDS yields with the two carbon sources, which are demonstrated in Figure 5 .
The TDS yields were over 70% with sodium acetate as a carbon source, which was 15-20% higher than the yield with sodium lactate.
The values of pH and ORP with different carbon sources are shown in Figure 6 . All ORP values were lower than À370 mV, indicating a perfect anaerobic condition in the BTF, which was a very important condition for SRB to survive and normally metabolize. Minor differences in ORP were observed with lactate or acetate as a carbon source.
However, the pH in the effluent significantly decreased at 25 h, and all values of pH were lower with lactate as a carbon source than those with acetate as a carbon source, indicating that sodium lactate was not completely degraded and that acetic acid was produced (see Equations (5) and (6)). Based on their metabolic capabilities, SRB are categorized as either complete oxidizing SRB, which are able to oxidize the organic compounds to CO 2 , or incomplete oxidizing SRB, which carry out an incomplete oxidation of the organic source, usually to acetate as an end product (Colleran et al.
; Muyzer & Stams ). A complete lactate oxidation
is not achieved by most Desulfobacter species and particular both be used as carbon sources for SRB reduction. Acetate was superior when C/S and RE was taken into account. In addition to FGD, the potential applications of BTF include the treatment of sulfate/sulfite-laden wastewater from pulp and paper, petroleum, mining, and chemical industries.
